Abstract: The ATLAS and CMS experiments at the CERN Large Hadron Collider (LHC) will have a large discovery potential in the investigation of the nature of the electroweak simmetry breaking. The large event rates provided by the high luminosity LHC machine will also allow to perform precision measurements of Standard Model (SM) parameters. In this talk a few examples of the precise measurements that can be performed at the LHC are described (W and top mass measurements and Triple Gauge Couplings) and the SM Higgs searches, with particular emphasis on the low Higgs masses, and the measurement of the Higgs parameters are described.
LHC running scenarios and cross sections
The LHC will start running with a luminosity of ∼ 10 33 cm −2 s −1 (low luminosity); this value should rise, during the first three years of operation, to the design luminosity of 10 34 cm −2 s −1 (high luminosity). The first physics run is foreseen to start in August 2006.
Due to the expected high machine luminosity the production rates of many relevant physics processes are large (see Table 1 ). The non diffractive inelastic cross section is about 70 mb; this leads on average to a superposition of 2.3 (23) minimum bias events at low (high) luminosity on top of the hard collision. Precision measurements will therefore be mainly performed at low luminosity and in most cases they will be limited by systematics uncertainties.
In this LHC scenario, the main performance requirements of the detectors are: lepton measurement over the large range of ∼1 GeV up to ∼5 TeV, excellent mass resolution (for masses around 100 GeV: ∼ 1% for leptonic decay channels and ∼ 10% for hadronic ones), calorimeter coverage up to η ∼ 5, for a reliable transverse energy measurement and good forward jet tagging and very good identification of electrons, photons, taus and bjets. Moreover, there are three crucial parameters for precise measurements: the absolute luminosity, that should be measured at better than 5%, the lepton energy scale, that should be measured at 0.1% in most cases and finally the jet energy scale, that should be known to 1%. 
Measurement of the W mass
At the time of the LHC start-up, the W mass will be known with a precision of ∼30 MeV from measurement of the Tevatron [3] and LEP2 [4] . Due to the high-statistics data samples, the LHC should be able to improve on these results and therefore to provide more stringent tests of the underlying theory. At hadron colliders, the W mass is obtained from the distribution of the W transverse mass. At the LHC, sixty millions of well measured W → l ν decays (where l is e or µ) should be collected by each experiment in one year of data taking at low luminosity. The statistical error is therefore expected to be small (< 2 MeV); the systematic error will arise mainly from the Monte Carlo reliability in reproducing the data in terms of physics (p T W spectrum, structure functions, W width, W radiative decays) and detector performance (absolute lepton energy scale, lepton energy resolution and detector response to the hadronic system recoiling against the W). Many of these uncertainties can be controlled in situ using the large Z → ll sample. Preliminary estimates, based in part on extrapolating the Tevatron results [5] indicate that, as it is the case today at the Tevatron, at the LHC the dominant uncertainty will originate from the calibration of the absolute lepton energy scale. For the W mass to be measured with a precision of ∼20 MeV, the lepton energy scale has to be known with a precision of 0.02%, which represents the most serious challenge in this measurement. All other systematics are expected to be smaller than 10 MeV. By combining both ATLAS and CMS and both lepton channels it should be possible to measure the W mass with a total error of 15 MeV in the first LHC phase at low luminosity.
Measurement of the top mass
At the LHC, top quark measurements will benefit from the large tt sample, so that not only the mass and the production cross section, but also branching ratios, couplings and rare decays can be studied in detail.
In the year 2006, the top mass should be known with a precision of 2-3 GeV from measurements at the Tevatron [3] . At the LHC the best channel for the top mass measurement will be tt production with one W decaying semileptonically and the other one decaying hadronically. The top mass will be determined from the hadronic part of the decay, while the leptonic part will be used to trigger the events and to suppress the background.
For one experiment, with 10 f b −1 , the statistical error is expected to be smaller than 0.07 GeV, the precision will be limited by the systematic error. An expected uncertainty of 1% on the absolute jet energy scale should translate into an uncertainty smaller than 1 GeV on the top mass. The effect of the final-state gluon radiation is estimated to lead to an uncertainty of ∼1 GeV. Other sources of uncertainties (b-fragmentation, initial state radiation and backgrounds) are expected to be smaller. All together, a total uncertainty (most likely due to the knowledge of the physics) smaller than 1% should be achieved. The study of Triple-Gauge Couplings (TGCs), i.e. couplings of the type W W γ or WWZ, provides a direct test of the non-abelian structure of the SM gauge group. New Physics can show up as deviations of the five parameters: g Z 1 , k Z , k γ , λ Z , λ γ from their SM values, which are zero for the λ parameters and 1 for the k and g parameters. The LHC has a large potential for testing the TGCs because the sensitivity to the anomalous contributions (λ type in particular) is enhanced at high centre-of-mass energies.
Measurement of Triple-Gauge Couplings
TGCs will give rise to gauge boson pair production, e.g. W γ, WZ and WW production. Anomalous couplings can affect both the total cross section and the shape of differential distributions. As an example, the reconstructed p T of the Z boson in WZ events is shown in Fig. 1 for SM and in presence of non-standard anomalous couplings, that give an excess of events in the high-p T tail.
Assuming an integrated luminosity of 100 f b −1 , the expected statistical precision at 95% CL for 1 experiment is found to be 0.034 and 0.040 for ∆k γ and ∆k Z respectively and 0.0038 for ∆g 1 Z ; the corresponding values for λ γ and λ Z are 0.0014 and 0.0028 respectively (Λ = 10 TeV). Systematic uncertainties from higher QCD corrections, structure functions and background are currently under study but should be small.
The search for the SM Higgs boson
The SM Higgs boson is produced at the LHC via gluon-gluon fusion, that is the dominant production channel for all masses, or via Weak Boson fusion WW/ZZ (WBF) and in associated tt H or WH/ZH processes, that has a significantly smaller cross-section but has the additional signature from the decay of accompanying particles. The total production cross section is larger than 100 fb up to 1 TeV.
The search for a SM Higgs boson has been studied by ATLAS [1] and CMS [2] in various decay channels. The overall sensitivity for the discovery of the SM Higgs is shown in Fig.  2 for the ATLAS experiment with an integrated luminosity of 100 f b −1 . Fig. 3 shows the overall discovery potential combining ATLAS and CMS results for three different integrated luminosities. The Higgs boson discovery is possible over the full mass range from the LEP2 lower limit up to the TeV range already with 10 f b −1 . The different decay channels cover different regions, but over the full mass range more than one channel should be observed thus giving robustness to the discovery and hints to understand the nature of the signal.
The SM Higgs search is challenging in the low mass region. Here the two channels (H → γγ and ttH → ttbb) can be observed, however, the combination of both channels and of both LHC experiment is required to get a significance of ∼5 with 10 f b −1 . Even though in this mass region the Higgs natural width is narrow, the backgrounds are relatively large and thus an excellent detector performance is required. The H → γγ decay mode requires high performance of the electromagnetic calorimeters in terms of mass resolution (photon energy resolution and direction measurement) and γ/jet separation. Impact parameter measurements in the Inner Detector are crucial for the discovery of the bb decay mode.
In the intermediate mass region, excellent performance in terms of the identification, reconstruction and measurement efficiency of isolated leptons is required for the H → + − + − channel [6] . The search for Higgs boson production via WBF, as originally proposed in [7] , has also been studied. The results are not yet included in Fig. 2 and 3 . It has been found that WBF provides an additional significant discovery potential, although the production cross section is only the 20% of the total. In addition, it provides valuable information for the determination of the Higgs boson parameters, like couplings to bosons and fermions. The coupling to taus becomes also accessible, which is not possible using the dominant gluon fusion process, due to two distinctive signatures, the presence of two high p T forward jets and little jet activity in the central region, that provide a powerful tool for background rejection.
Preliminary studies by both ATLAS and CMS in the channel qqH → qqWW → qqlνlν confirm the WBF large discovery potential, also if the significance is worse than in [7] , due to ISR/FSR effects, jet calibration and lower efficiencies. A S/B ratio between 0.5 and 2.4 can be obtained for Higgs masses in 130-200 GeV, in ATLAS with 10 f b −1 . In the channel qqH → qqτ τ , with 30 f b −1 , a significance above 4 can be obtained in ATLAS for m H = 120 GeV considering all the lepton decay channels and a significance above 5 can be obtained in CMS for Higgs masses in 115-135 GeV, in the lepton-hadron channel.
Measurement of Higgs Boson Parameters
With an integrated luminosity of 300 f b −1 ATLAS+CMS would measure the Higgs boson mass with a precision of 0.1% over the mass range 100-400 GeV, the Higgs boson width with a relative precision of 6% in the mass range 300-700 GeV, the Higgs boson production rates with a precision of ∼ 10% and several important couplings and branching ratios reaching a precision of ∼ 10 − 15% when using the same production mechanism and different decay channels and of ∼ 25% for measurements from different production mechanisms. These measurements should be able to give a first systematic investigation of Higgs properties.
Conclusions
The ATLAS and CMS experiments at the LHC should discover a Higgs boson (with 5 sigma) over the full mass range from the limit set by the previous machines up to the theoretical bound of 1 TeV with 10 f b −1 . Different channels cover different mass regions, but over most of the mass range more than one channel should be observed, thus giving robustness to the discovery and hints to understand the nature of the signal. The large event samples, which will be produced at the LHC for many physics processes, will allow in addition to perform precision measurements of the parameters of the Standard Model.
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